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. , $\Omega$ $n$ $\mathrm{R}^{n}$ , $f$ $\Omega$ $\mathrm{R}^{n}$
$C^{1}$ . , (11) $\omega>0$ $x^{*}(t)$
. $x^{*}(t)$ “ ” , Pyragas [6]





. , $K$ $n\mathrm{x}n$ .
$u(t)$ , $t$ , $t-\omega$
. , (1.2) $x^{*}(t)$
. , $K$ , (1.2) $x^{*}(t)$




A(Nakajima [4]). (1.1) $x^{*}(t)$ , (1.1)
(1.3) $\frac{dy}{dt}=Df(x^{*}(t))y$
1 ,




A $1$ odd number
condition , . , A
. A ,
. , ($n=9$- ) .
1. $n=2$ . (1.1) $x^{*}(t)$ $k \in \mathrm{R}(k\neq-\frac{1}{\omega})$
$K$ $K=kI$ $DF$ (1.2)
. , $I$ $2\cross 2$ .
,





, 1 , , 1 ,
.
2
, [3] Chapter 8
. $[-\omega, 0]$ $\mathrm{R}^{n}$ $C$
, $\phi\in C$ $|| \phi||=\sup\{|\phi(\theta)|:-\omega\leq\theta\leq 0\}$ . , $C$
. $\beta>0$ $x:[-\omega,\beta)arrow \mathrm{R}^{n}$ $t\in[0, \beta)$ , $x$
$t$- $x_{t}\in C$ $x_{t}(\theta)=x(t+\theta)(-\omega\leq\theta\leq 0)$ .
, . $t\in \mathrm{R}$
$L(t):Carrow \mathrm{R}^{n}$ [3] Section 6.1
, $L(t+\omega)=L(t)$ . , –
.
(2.1) $\frac{dx(t)}{dt}=L(t)x_{t}$ .
$s\in \mathrm{R},$ $\phi\in C$ , (2.1) $[s, \infty)$ $x=x(s, \phi)$ ,
$x_{t}(s,$ $\phi_{/}^{1}\in C$ $t,$ $s$ $\phi$ . $t\geq s$ $\phi\in C$
, $C$ $T(t, s)$ $T(t, s)\phi=x_{t}(s, \phi)$ . ,
$t\geq s\geq\tau$ $T(t, s)T(s, \tau)=T(t, \tau)$ . , $L(t)$ $t\geq s$
$T(t+\omega, s)=T(t, s)T(s+\omega, s)$ . $U:Carrow C$
.
$U\phi=T(\omega, 0)\phi$ .
$U$ , $U$ $\sigma(U)$ ,
. , $\sigma(U)\backslash \{0\}$ $U$ $P\sigma(U)$
. , $\lambda\in P\sigma(U)$ $\phi\neq 0$ $C$ $U\phi=\lambda\phi$ .
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$\lambda\in P\sigma(U)$ (2.1) , $\lambda=e^{\prime M}$ $\mu$ (2.1) .
, (2.1) $\lambda$ , $C$ 2 $E_{\lambda}$ $Q_{\lambda}$
:
(i) $E_{\lambda}$ ;
(ii) $E_{\lambda}\oplus Q_{\lambda}=C$ ;
(iii) $UE_{\lambda}\subseteq E_{\lambda)}UQ_{\lambda}\underline{\subseteq}Q_{\lambda}$ ;
(iv) $\sigma(U|E\lambda)=\{\lambda\},$ $\sigma(U|Q_{\lambda})=\sigma(U)\backslash \backslash \{\lambda\}$ .
$E_{\lambda}$
$\lambda$ .
1([3, Lemma 81.2]). $\lambda$ (2.1) , $E_{\lambda}$ $d_{\lambda}$
$n\mathrm{x}d_{\lambda}$ $\Psi$ , , $\sigma(e^{B\omega})=\{\lambda\}$ $d_{\lambda}\cross d_{\lambda}$ $B$ ,
$C$ $P$ ( $t$ $\omega$ ) $=P(t),$ $t\in(-\infty, \infty)$ $n\cross d_{\lambda}$ $P(t)$
, $\phi=\Psi b(b\in \mathrm{R}^{d_{\lambda}})$ , $x_{t}(0, \phi)$ $t\in(-\infty, \infty)$ ,
$x_{t}(0, \phi)=P(t)e^{Bt}b$ , $t\in(-\infty, \infty)$ .
. , $\lambda=e^{\mu\omega}$ (2.1) ,
(2.1) .
(2.2) $x(t)=e^{\mu t}p(t)$ , $p(t+\omega)=p(t)$ .
$\lambda=e^{\mu\omega}$ , (2.2) Floquet
.
(L2) $x^{*}(t)$ . (1.2) ,
, 0 . , $\phi\in C$ (1.2) ( 0
) $x(\phi)$ .
1. $x^{*}$ , $\epsilon>0$ $\mathit{5}(\epsilon)>0$ , dist $($ \phi , $x_{0}^{*})<\delta(\epsilon)$
$t\geq 0$ dist(xt $(\phi),$ $x_{0}^{*}$ ) $<\epsilon$ , $x^{*}$
, , , $\delta>0$ , dist $($ \phi , $x_{0}^{*})<\delta$ $\lim_{tarrow \mathrm{o}\mathrm{e}}$ dist(xt(\phi ), $x_{0}^{*}$ ) $=0$
. , $\phi,$ $\psi\in C$ dist $($ \phi , $\psi)=\min\{||\phi-\psi||\}$ ,
.
2([1, 5] ). $x^{*}$ , $\mathit{5}>0$ dist $($ \phi , $x_{0}^{*})<\delta$
$\phi$ $c=c(\phi)\in \mathrm{R}$ , $\lim_{tarrow\varpi}||x_{t}(\phi)-x_{t+c}^{*}||=0$ .
(1.2) $x^{*}(t)$ , $x^{*}(t)$
(2.3) $\frac{dy(t)}{dt}=Df(x^{*}(t))y(t)+K(y_{\backslash }^{(}t-\omega)-y(t))$
. (2.3) $y^{*}(t)=f(x^{*}(t))$ . , 1
$\lambda^{*}=1$ . 1 1 , $x^{*}(t)$ (1.2) ,




[3] Theorem 1032 . ,
. , [2] Theorem 1031
. , 1 1 ( )




[5, Theorem 26] , , 1 1
( ) . ,
. , Stokes .
.
2. $x^{*}(t)$ (1.2) . , 1
, (L2) $x^{*}(t)$ , , .
3 1
(1.3) $y^{*}.(t)=f(x^{*}(t))$ . ,
(1.3) 1 . , $n=2$ ,
$\lambda_{0}$
$\text{ }$ . (1.1) $x^{*}(t)$
, $|\lambda 0|>1$ . $\lambda_{0}=e^{\mu 0\omega}$ (L3) $\hat{y}^{*}(t)=e^{\mu 0t}p^{*}(t)$
$(p^{*}(t+\omega)=p^{*}(t))$ . (1.3) $\Phi(t)$ , 1 $y^{*}(t)$ , 2
$\hat{y}^{*}(t)$
$\Phi(\omega)=[y^{*}(\omega) \hat{y}^{*}(\omega)]=[y^{*}(0) e^{\mu_{0}\omega}p^{*}(\omega)]=[y^{*}(0) \lambda_{0}p^{*}(0)]=[y^{*}(0) \lambda_{0}\hat{y}^{*}(0)]$
,
(3.1) $\Phi(0)^{-1}\Phi(\omega)=(\begin{array}{ll}1 00 \lambda_{0}\end{array})$
. $M$ . $t\in \mathrm{R}$
(3.2) $\Phi(t+\omega)=\Phi(t)\mathrm{A}/I$
, $M$ (1.3) . ,





, $\lambda_{0}>1$ . , (2.3) $y(t)$
(3.3) $y(t)=:\Phi(t)z(t)$ , $z=\mathrm{c}\mathrm{o}1[z_{1}, z_{2}]$
,
$\frac{d\Phi(t)}{dt}z(t)+\Phi(t)\frac{dz(t)}{dt}=Df(x^{*}(t))\Phi(t)z(t)+K(\Phi(t-\omega)z(t-\omega)-\Phi(t)z(t))$
, $\Phi(t)$ (1.3) , (3.2) $\Phi(t-\omega)=\Phi(t)M^{-1}$ ,
(3.4) $\frac{dz(t)}{dt}=\Phi^{-1}(t)K\Phi(t)(-z(t)+M^{-1}z(t-\omega))$




3 (i) $k>- \frac{1}{\omega}$ , $(0, \phi)\in \mathrm{R}\cross C$ (3.5) $z_{1}(t)$ ,
$\lim_{t\infty}z_{1}(t)=z_{1}^{*}$ , , $z_{1}^{*}= \frac{1}{1+k\omega}(\phi(0_{/}^{\backslash }+k\oint_{-\omega}^{0}\phi(\xi)d\xi)$
. $k \leq-\frac{1}{\omega}$ , $tarrow\infty$ .
(ii) $k>0$ , (3.6) ( $\eta$ )
(3.7) $\eta=-k(1-\frac{1}{\lambda_{0}}e^{-\eta\omega})$
, $\eta_{0}$ , $(0, \phi)\in \mathrm{R}\mathrm{x}C$ (3.6) $z_{2}(t)$ ,
(3.8) $z_{2}(t)=e^{\eta 0^{t}}\alpha+\overline{z}_{2}(t)$ , $\lim_{tarrow\infty}\overline{z}_{2}(t)=0$ .
, ,
$\alpha=\frac{\lambda_{0}}{\lambda_{0}+k\omega}(\phi(0)+k\oint_{-\omega}^{0}\phi(\xi)d\xi)$ .




$k<0$ , 3 (ii) (3.6) $z_{2}(t)=e^{\eta_{1}t}$ . (3.5)
$z_{1}(t)=0$ ( $z_{1}(t)=0,$ $-\omega\leq t\leq 0$ )
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, $y(t)=e^{(\eta_{1}+\mu 0)t}p^{*}(t)$ , 1 , (2.3) $e^{(\eta_{1}+\mu 0)\omega}=e^{\eta_{1}\omega}\lambda 0>1$
. , 2 .
$k>0$ , 3 , (3.5) $z^{*}$ , (3.6)
$\alpha$ (3.8) . (3.9)
(3.10) $y(t)=z_{1}(t)f(x^{*}. (t))+e^{(\gamma+\mu 0)t}\alpha p^{*}(l\mathrm{O}t)+\overline{z}_{2}(t)e^{\mu 0t}p^{*}(t)$.
(3.5) $z_{1}(t)=0,$ $(3.6)$ $z_{2}(t)=e^{\eta 0t}$ ( , $z_{1}(t)=$
$0$ , $z_{2}(t)=e^{\eta_{0}\mathrm{t}},$ $-\omega\leq t\leq 0$ ) , $y(t)=e^{(\eta 0+\mu 0)t}p^{*}(t)$ . $\eta_{0}$ (
(3.7) , $e^{\eta_{0}\omega}\lambda_{0}>1$ , 1
) (2.3) ’yo+\mu o)l $=e^{?|\omega}\lambda_{0}>1$ . 2
.
, (1.2) $x^{*}(t)$ .
4. $n=2,$ $K=kI$ . $k \neq-\frac{1}{\omega}$ , (2.3) 1 1 .
, (1.2) $x^{*}(t)$ . $k=- \frac{1}{\omega}$ , (2.3) $y(t)=ty^{*}(t)$
3 .
. $k \neq-\frac{1}{\omega}$ . $d$ $d\geq 2$ . 1 $B$ $d\mathrm{x}d$
, $\sigma(e^{\omega B})=\{1\}$ , $B^{t\omega}$
(3.11) $e^{tB}=I+ \frac{t}{1!}B+\frac{t^{2}}{2!}B^{2}+\cdots\frac{t^{d-1}}{(d-1)!}B^{d-1}$
. , $N(B^{j})=\{b\in \mathrm{R}^{d} : B^{j}b=0\}$ ,
$N(B)\subset N(B^{2})\subset\cdots\subset N(B^{d})$ , $N(B^{j+1})\backslash N(B^{j})\neq\emptyset$ , $N(B^{d})=\mathrm{R}^{d}$
. 1 , $b\in \mathrm{R}^{d}$ $x(t)=P(t)e^{Bt}b$ (2.3) ( $P(t)$ $C$
, $x_{t}=P(t)e^{B\mathrm{f}}b$ , $x(t)=P(t)(0)e^{Bt}b$ ,
(0) ). , [3] Lemma 812
, $P(t)=T(t, 0)\Psi e^{-Bt}$ . , $D(f(x^{*}(t))=A(t)$
,
$\frac{d}{dt}P(t)=\{\frac{d}{dt}T(t, 0)\Psi\}\Psi e^{-Bt}-T(t, 0)\Psi e^{-Bt}B$








. , $P(t)b$ (2.3) (1.3) . (1.1)
$x^{*}(t)$ , (L3) $\omega$ $y^{*}(t)$ .
, $\alpha\neq 0$ , $P(t)b=\alpha y^{*}(t)$ .
$b\in N(B^{2})\backslash N(B)$ . , $Bb\in N(B)$ $Bb\neq 0$ ,
$\alpha\neq 0$ , $P(t)Bb=\alpha y^{*}(t)$ , (3.12) )
$P’(t)b=A(t)P(t)b-\alpha(\omega K+I)y^{*}(t)$ .
(1.3) $\Phi(t)=[y^{*}(t) \hat{y}^{*}(t)]$







$\Phi(t)M\Phi(0)^{-1}P(0)b-\alpha(1+\omega k)(t+\omega)y^{*}(t+\omega)=\Phi(t)\Phi(0)^{-1}P(0)b-\alpha(1+\omega k)ty^{*}(t)$ .
$y^{*}(t+\omega)=y^{*}(t)$
(3.14) $\Phi(t)(M-I)\Phi(0)^{-1}P(0)b=\alpha\omega(1+\omega k)y^{*}(t)$ .
, (3.1) $\Phi$
$\Phi(t)(\mathrm{A}’I-I)=[0 (\lambda_{0}-1)e^{\mu 0t}p^{*}(t)]$
, $\Phi(0)^{-1}P(0)b=(_{\gamma}^{\beta})$ , (3.14)
(3.15) $\gamma(\lambda_{0}-1)e^{\mu 0^{t}}p^{*}(t)=\alpha\omega(1+\omega k)y^{*}(t)$ .
$k\neq$ $\frac{1}{\omega}\vee\tau^{\backslash }\backslash$ , (3.15) . $\uparrow\Phi$ $d=1$ , , $x^{*}(t)$ t (1.2)
.
$k=- \frac{1}{\omega}$ , $x(t)=ty^{*}(t)$ ,
$x’(t)=y^{*}(t)$ $ty^{*}(\prime t)=y^{*}(t)$ $A(t)x(y)$ ,
$K\{x(t-\omega)-x(t)\}=k\{(t-\omega)y^{*}(t-\omega)-ty^{*}(t)\}=-k\omega y^{*}(t)y^{*}(t)=y^{*}(t)$
128
, $x(t)=ty^{*}(t)$ (2.3) . $d\geq 3$ . ,
$b\in N(B^{2})$ $P(t)b=\alpha y^{*}(t)$ $\alpha$ . $b\in N(B^{3})\backslash N(B^{2})$
. , $Bb\in N(B^{2})\}B^{2}b\in N(B)\subset N(B^{2})$ , $\alpha’$. $\beta$ ,
$P(t)Bb=\alpha y^{*}(t),$ $P(t)B^{2}b=\beta y^{*}(t)$ , (3.12) ,
$P’(t)b=A(t)P(t)b+ \{-\alpha(\omega K+I)+\frac{\beta\omega^{2}}{?,arrow}K\}y^{*}(t)$.
(1.3) $\Phi(t)=[y^{*}(t) \hat{y}^{*}(t)]$
$P(t)b= \Phi(t)\Phi(0)^{-1}P(0)b+\Phi(t)\oint_{0}^{t}\Phi(s)^{-1}\{-\alpha(\omega K+I)+\frac{\beta\omega^{2}}{2}K\}y^{*}(s)ds$ .
$K=kI$ (3.13)
$P(t)b= \Phi(t)\Phi(0)^{-1}P(0)b+\{-\alpha(1+\omega k)+\frac{\beta\omega^{2}}{?_{\sim}}k\}ty^{*}(t)$ .
(3.15) ,
$\gamma(\lambda 0-1)e^{\mu 0t}p^{*}(t)=\omega\{\alpha(1+\omega k)-\cdot\frac{\theta\omega^{2}}{2}k\}y^{*}(t)$ .
$k=- \frac{1}{\omega}$ , . , 3
1. (3.4) $\Phi^{-1}(t)K\Phi(t)=K$ ,
, . , $K$ .
1 , 3 (ii) $\eta_{0}$ $\eta_{1}$ .
$k=- \frac{1}{\omega}$ 2 ,
.
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